Background: It has been reported that high intensity long term training in elite athletes may increase risk of immune function. Objectives: This study is to examine training effects on immunoglobulin and changes of physiological stress and physical fitness level induced by increased cold stress during 12-week winter off-season training in elite Judoists. Patients and Methods: Twenty-nine male participants (20 ± 1 years) were assigned to only Judo training (CG, n = 9), resistance training combined with Judo training (RJ, n = 10), and interval training combined with Judo training (IJ, n = 10). Blood samples collected at rest, immediately after all-out exercise, and 30-minute recovery period were analyzed for testing IgA, IgG, and IgM, albumin and catecholamine levels. Results: VO 2 max and anaerobic mean power in IJ (P < 0.05) and anaerobic power in RJ (P < 0.05) were significantly increased after 12-week training compared to CG. There was no significant interaction effect (group × period) in albumin after 12-week training; however, there was a significant interaction effect (group × period) in epinephrine after 12-week training (F (4, 52) = 3.216, P = 0.002) and immediately after all-out exercise and at 30-minute recovery (F (2, 26) = 14.564, P = 0.008). There was significantly higher changes in epinephrine of RJ compared to IJ at 30-minute recovery (P = 0.045). There was a significant interaction effect (group × period) in norepinephrine after 12-week training (F (4, 52) = 8.141, P < 0.0001), at rest and immediately after all-out exercise (F (2, 26) = 9.570, P = 0.001), and immediately after all-out exercise and at 30-minute recovery (F (2, 26) = 8.862, P = 0.001). Conclusions: Winter off-season training of IJ increased physical fitness level as well as physical stress induced by overtraining. Along with increased physical stress, all groups showed reduced trend of IgA; however, there was no group difference based on different training methods.
Background
It has been reported that vigorous exercise and training cause immune function changes such as biphasic alteration of circulating immune cell numbers in marathoners (1) and athletes (2) , a reduced phagocytic activity in Judoists (3), a reduced Salivary immunoglobulin A (IgA) secretion in marathoners (4) , and elevated oxidative burst activity in Judoists (5) . Especially, it has been reported that high intensity long term training in elite athletes may increase risk of upper respiratory tract infection (URTI) (6) and cause overtraining syndrome such as persistent fatigue, poor performance, mood state changes, and reduced catecholamine excretion (7) .
Circulating immunoglobulins are glycoprotein molecules that are produced by plasma cells in response to an immunogen and are responsible for targeting and eradicating foreign bacteria and viruses (8) . Immunoglobulin isotypes are named by capital letters corresponding to their heavy chain type. IgG is capable of carrying out all of the functions of Ig molecules and is the major Ig in serum and the most important antibody component (2) . IgA and IgM are the antibodies related to exercise (9) . However, previous studies concerning well-trained athletes and/or exercise investigated changes in Ig responses are still not in agreement. No Ig response change (10) , an increased Ig response (11) and a decreased Ig response (12) , and a suppressed immune response (12) were investigated.
For over 30 years, Korean Judoists have received high intensity training to enhance athletic performance during season (March to November) (13) , to maintain fat free mass in winter off-season training period (December to February), and to increase aerobic and anaerobic performance. Moreover, most university Judoists in Korea performed scheduled training such as 2-time fitness training at 06:00 -07:30 and 10:00 -11:30, Judo training at 15:00 -16:30, and resistance training at 19:00 -20:30 at least 6 hours per day and 5 days per week during 12-week winter off-season, living in the same dormitory (13) . Considering training volume, intensity, and period, it is expected that Korean Judoists might have frequent illness change such as URTI induced by overtraining (7, 14) . Although previous studies considered that URTI incidence would be higher in athletes during on-season compared to off-season, it would be assumed that there would be differences in competition times and match methods during on-season. Moreover, previous studies focused on middle and long distance runners having more exercise time, volume, and intensity during on-season competition than off-season. Thus, they concluded that URTI incidence would be higher in athletes and URTI J curve has been modeled during on-season (7). However, it is still not clear how the mechanism of immunomodulation is induced by winter off season outdoor training.
Objectives
The purpose of this study is to examine training effects on immunoglobulin and physiological stress changes and physical fitness level changes induced by increased cold stress during winter off-season training in elite Judoists.
Patients and Methods

Experimental Approach to the Problem
This is a randomized control trial study with 12-week duration. Dependent variables in this study are level of serum albumin, epinephrine, norepinephrine, serum IgA, IgG, and IgM at rest, immediately after all-out exercise, and recovery. Independent variables are exercise intervention (control group only with Judo training, resistance training group combined with Judo training, and interval training group combined with Judo training) in each group. All experimental measurements were completed at approximately the same time of day in each measurement day. Subjects were instructed to maintain their normal diet throughout the testing period, to avoid food and drink in the hour before testing, and to avoid strenuous exercise 24 hours before each measurement. Written informed consent was obtained from all subjects under protocols approved by the institutional review boards of Yongin University.
Subjects
Twenty-nine Judoists from the Yongin University Judo team participated in this study during winter off-season (12 weeks). All participants were well trained college-aged males (20 ± 1 years) and they were Korean National Championship medalists or had practiced at the senior or junior international level for the past 12 months. All participants were assigned to 3 groups; control group only with Judo training (CG, n = 9), resistance training group combined with Judo training (RJ, n = 10), and interval training group combined with Judo training (IJ, n = 10). All participants lived in the same dormitory consuming controlled and supervised food intake by 3,800 kcal ± 15% per day during training session. Before participating in this study, Judoists having recent 3-month injury experience and disease related to immune function were excluded.
Procedures
All participants performed pre-intervention measures including: 1) maximal oxygen uptake (VO 2 max) test; 2) lower limb Wingate anaerobic power test; 3) 8 hours fasting venous blood sample draw at rest, immediately after Judo match, and recovery 15 and 30 minute; and 4) height, weight, and percent body fat (% fat). Maximal oxygen uptake was tested on a motor-driven treadmill using the Bruce protocol. It was measured with standard open-circuit spirometry techniques (Quark b 2 metabolic cart, Cosmed, Italy) and electrocardiograms were measured with an EKG monitor (QMC2500; Quinton, USA). All participants were encouraged to exercise to volitional exhaustion during the test. Requirements to strictly define whether subjects reached their VO 2 max by this protocol included at least two of the following criteria (1); a leveling of the VO 2 after an increase in intensity, (2) rate of perceived exertion > 17 using Borg's scale (3), volitional exhaustion, and (4) achievement of age-predicted maximal heart rate.
Participants performed a 30-second Wingate anaerobic power test to measure peak and mean anaerobic power, both which are considered vital during the tsukuri (positioning) and kake (execution) phase of Judo throwing. To test the difference in anaerobic power among the groups as well as correlations between anaerobic power and body composition, a computer-aided electrically braked cycle ergometer was used (excalibur sports, Lode B.V., The Netherlands). For the Wingate protocol, participants warmed up for 10 minutes at 60 rpm and 100 Watt so that their heart rate was maintained at 120 -125 beat/minute, with an additional 5-minute warm-up after 5-minute rest (13) . Then, breaking resistance was set as 0.8 Nm·kg -1 of body mass. Participants continued pedaling as fast as possible against the resistance for 30 seconds. After the sprint, the resistance was removed and they continued cycling for 4 minutes of active recovery. The entire measuring procedure was controlled by a computer using Lode Wingate Version 1.0.7 (Lode B.V.). Body composition was measured in duplicate by the DSM-BIA method using In-Body 3.0 (Biospace, Seoul, Korea). This indirect method uses 6 analysis frequencies (1, 5, 50, 250, 500, and 1,000 kHz) and analyzes fat free mass (FFM) and fat mass (FM) by using the tetra-polar 8-point tactile electrode method (15) .
During the 12-week off-training period, CG, RJ, and IJ participated in the standardized winter off-season training program. The standard Judo training for all three groups was conducted at 2:30 -4:30 pm. from Monday to Friday for 10 hours per week including attacking or defending by using the 4 limbs (arms, hands, legs, and feet). With standard Judo training, RJ performed 6 h. wk -1 of resistance training on Monday, Tuesday, Thursday, and Friday at 6:00 -7:30 am. Each resistance training set was consisted of 12 repetitions with 2 sets (1 -2 training weeks), 3 sets (3 -8 training weeks) and 4 sets (9 -12 training weeks). Resistance training intensity was set as 70% of 1 RM (one repetition maximum) until 2 weeks and 80% of 1RM after 3 weeks being conducted on Monday and Tuesday (leg curl, leg dead lift, and cable one leg curl), and Thursday and Friday (squat, leg extension, leg press, and lunge). One RM was measured every 2 weeks to revise maximum strength. With standard Judo training, IJ performed 6 hours. wk -1 of interval training at 6:00 -7:30 am. on Monday, Tuesday, Thursday, and Friday. Interval training was consisted of 30 seconds maximal running efforts with a 4 minutes warm-up period and 4 minutes of recovery between the sprint bouts, respectively. Each sprint was completed on a treadmill (Healma 7700, Healma®, Seoul, Korea) by dynamic mode. The number of bouts increased from 6 (weeks 1, 2) to 8 (weeks 3 -8) and to 10 (weeks 9 -12) per training session. Intensive interval training was conducted at 80% maximal aerobic velocity (MAV), which was determined via VO 2 max test during first 2 weeks and at 90% MAV from week 3 to week 12.
Antecubital venous blood samples (10 mL) were obtained at rest, immediately after all-out exercise using graded exercise test, and 30 minutes of recovery at baseline and after 12-week training. Blood was drawn into Heparin tubes (Becton Dickson Co.) and was immediately centrifuged at 4°C for 10 minutes at 2000 rpm. Plasma was aliquoted and stored in 80°F until later analysis. Serum immunoglobulin levels were determined by enzyme linked immunosorbent assay (ELISA) kits (Bio Med, Micro plate 680, USA). Epinephrine and norepinephrine concentrations were assayed by high-pressure liquid chromatography with electrochemical (amperometric) detection (16) . Nutrional risk index is calculated using the following equation: NRI = 1.519 × serum albumin (g/ dL) + 41.7 (present/usual body weight (kg)) (17).
Statistical Analysis
All data are expressed as means and standard deviations. One-way ANOVA was used to analyze trends of participant characteristics, baseline of serum blood factors, and nutritional risk index. Group differences in body composition and aerobic and anaerobic power changes followed by 12-week training were analyzed by two-way mixed (group × period) ANOVA and one-way ANOVA was used to consider baseline error with using delta value (after 12-week training difference from baseline). Bonferroni method was used to test group difference. Data were analyzed with SPSS 16.0 for Windows (Chicago, IL, USA) and statistical significance was set at P < 0.05 for all tests. Table 1 shows characteristics of participants in this study. Mean age of CG, RJ, and IJ was 19.67 ± 1.02 years, 20.30 ± 1.25 years, and 19.90 ± 1.10 years, respectively. There was no significant group difference in height, body mass index (BMI), and exercise career. Epinephrine at rest and immediately after all-out exercise showed a significantly lower trend in RJ and IJ compared to CG and IgG at immediately after all-out exercise showed a significantly lower trend in RJ and IJ compared to CG (P < 0.05) ( Table  2 ). However, there was no significant group difference in albumin, norepinephrine, IgA, IgM, and nutritional risk index (Figure 1) .
Results
Changes in body composition, aerobic performance, and anaerobic power at baseline and after 12-week training are presented in Table 3 . After 12-week training, there was a significant decrease in body weight (P = 0.003), % fat (P = 0.009), VO 2 max (P = 0.03), and HRmax (P = 0.01) of IJ compared to CG. Otherwise, there were no significant changes in % fat, VO 2 max, and HRmax of RJ compared to CG after 12-week training. There was a significant increase in anaerobic peak power of RJ compared to CG (P = 0.03). However, there was a significant increase in mean power of RJ (P = 0.03) and IJ (P = 0.001) compared to CG after 12-week training and there was no significant group difference in RJ and IJ. There was a significant interaction effect (group × period) in weight (P = 0.011), % fat (P = 0.03), HRmax (P = 0.018), and anaerobic mean power (P = 0.003). However, there was no significant interaction effect (group × period) in VO 2 max and anaerobic peak power. There was no significant interaction effect (group × period) in albumin after 12-week training; however, there was a significant interaction effect (group × period) in epinephrine after 12-week training (F (4, 52) = 3.216, P = 0.002) and immediately after all-out exercise and at 30-minute recovery (F (2, 26) = 14.564, P = 0.008). There was significantly higher changes in epinephrine of RJ compared to IJ at 30-minute recovery (P = 0.045). There was a significant interaction effect (group × period) in norepinephrine after 12-week training (F (4, There was a significant increase in group change of IJ compared to CG at rest after 12-week training (P = 0.014) and there was a significant decrease in group change of IJ compared to CG (P = 0.005) and RJ (P = 0.006) immediately after all-out exercise followed by 12-week training. There was a significant increase in group change of IJ compared to CG at 30-minute recovery followed by 12-week training (P = 0.036) (Figure 1 ). There was no interaction effect (group × period) in IgA, IgG, and IgM after 12-week training ( Figure  2 ). During 12-week training period, there was no significant group difference in nutritional risk index (Figure 3 ). 
Discussion
The primary finding of this study was that resistance and interval training combined with Judo training influenced body composition, aerobic and anaerobic performance level, and stress hormone level changes in Judoists during winter off-season training. However, there was no significant immunoglobulin change in Judoists. Previous studies have discussed how high intensity exercise influences body composition (15) and in particular, how anaerobic power is closely correlated with fat-free mass in Judoists (e.g. brief intense muscular action) (15, 18) . This study found that there was a significant change in body weight and % fat of IJ. Moreover, there was a significant increase in VO 2 max and anaerobic mean power of IJ and this might be highly induced by body composition and physical fitness changes followed by high intensity training. Otherwise, there was a significant anaerobic power change in RJ without any significant body composition change and this might come from muscle content change in RJ after 12-week training. Previous studies insisted that Wingate anaerobic power test is the reliable one for measuring anaerobic power in Judoists (15) . However, Judoists participated in this study conducted resistance training for upper extremity, trunk, and lower extremity and Wingate anaerobic power test focusing on lower extremity might cause no significant difference in anaerobic power among groups.
Since intensive exercise has been reported to be associated with enhanced sympathetic nervous system, previous studies reported that a decrease in salivary IgA level followed by high intensity exercise (> 80% VO 2 max) after 1 hour recovery period (19, 20) . Several studies reported that trained athletes have greater basal concentration of catecholamine compared to untrained subjects (21, 22) , higher concentration of catecholamine in anaerobic trained athletes compared to aerobic trained athletes, and different response to stimuli unlike untrained ones (23) . Especially, trained athletes have been known to have a 'sports adrenal medulla'; although, aerobically and anaerobically trained Judoists might have it or not (24) . This study's results showed that concentration level of epinephrine was increased in all groups immediately after all-out exercise and at 30-minute recovery and there was no difference in all groups which is the same as a previous report (24) . Moreover, there was no difference in all groups at rest and immediately after all-out exercise followed by 12-week training; however, there was significant increase in RJ at 30-minute recovery compared to IJ. This compensatory mechanism might be due to decreased sensitivity of human body to beta-adrenergic stimulation in RJ (23) . Concentration level of epinephrine immediately after all-out exercise in IJ was higher than RJ after 12-week training and concentration level of epinephrine at 30-minute recovery was greater than RJ. This might come from decreased sensitivity of compensatory mechanism in RJ compared to IJ. Davis et al. (25) reported that mice's alveolar macrophage antiviral resistance followed by 8-hour prolonged strenuous exercise to fatigue was inhibited by increased plasma epinephrine. In this study, it seems that increased concentration of epinephrine level after all-out exercise in RJ having low variation tuned to recovery phase might have a more negative effect on immune function compared to IJ based upon different winter off-season training methods in Judoists.
Most participants in this study might have overtraining symptoms caused by high intensity and long term winter off-season training. Especially, it is argued that overtraining symptoms have reduced nocturnal excretion of norepinephrine changes (26) . However, basal norepinephrine level has been known to be increased under high intensity and long term training condition (24) . Winter off-season training increased basal norepinephrine level and increased basal norepinephrine level of IJ showed a significant increase compared to CG. However, there was no difference in basal norepinephrine level of IJ and RJ and this might be due to increased stress in Judoists induced by Judo training combined with interval and resistance training.
Basal norepinephrine level of CG and RJ was increased and basal norepinephrine level of IJ was decreased after training. Otherwise, basal norepinephrine level of IJ was increased and basal norepinephrine level of RJ was decreased at 30-minute recovery. This cannot be clearly explained and this might come from body composition change in IJ. Moreover, changes of difference in circulating norepinephrine concentration and epinephrine concentration immediately after all-out exercise and 30-minute recovery might be affected by decreased plasma volume after all-out exercise because norepinephrine comprises 80% of blood catecholamine (24) . We expected that long term participation in training might cause URTI incidence change in Judoists because of reduced secretary IgA. However, there was no significant group difference at rest, immediately after all-out exer-cise, and 30-minute recovery. It seems that Judo training combined with resistance and interval training did not affect antibody secretion difference in Judoists. In other words, this can be explained that Judo training combined with resistance and interval training did not evoke immune system changes induced by overtraining through antibody synthesis in Judoists. Additionally, lymph flow rate stimulated by Judo training and additional training (resistance and interval training) can increase flux of different proteins into circulation (27) ; however, there was no lymph flow rate difference caused by additional training and therefore, there was no group difference.
There are several limitations in this study. First, most previous studies measured mucosal Ig levels; however, only serum Ig was measured in this study, which was limited to compare previous references. Second, this study population was limited to elite Judoists' Ig level during non-season training period, and therefore this cannot be compared to Ig level due to over training during season training period. Lastly, additional Ig level and body composition during detraining period were not measured in this study. Generally, it is expected that Ig level would be higher in 1-week recovery period after long term training period. It was unable to conduct additional measurement at recovery period, considering Judoists' competition schedule and body condition. Although there were fitness level and stress hormone changes induced by long term training, there was no Ig level change in this study. Therefore, Judoists would be safe for URTI induced by long term training during winter off-season. Also, additional dietary supplementation for Judoists considering age and fitness level would be helpful in enhancing immune function followed by intensive winter season training.
Findings of this study would be useful for Judo coaches and Judoists in order to enhance athletic performance as well as understanding immune responses followed by intensive training. This may help to clarify the benefits of resistance and interval training in elite Judoists. It would be suitable for future studies to consider additional Ig level, body composition, and fat metabolism based upon Judoists' rapid weight loss during a short period of time.
